Abstract---
INTRODUCTION
HE use of Solid Oxide Fuel Cells (SOFCs), which represent the cleanest, most efficient and versatile technologies for chemical-to-electrical energy conversion, could significantly reduce the production of greenhouse gases while minimizing pollutant emission. SOFC technology faces major problems, on the way to commercialization, such as long term stability, production cost and high operating temperature. On the one hand, high temperatures limit the choice of materials and complicate the production process, degradation phenomena on the other hand, which restrict the life time of SOFC, are more problematic at higher temperatures. One important goal in SOFC research is therefore the search for cathode materials which offer a sufficient electrochemical performance already at intermediate temperatures (873-1073 K). Design requirements for cathode are: high electronic conductivity and ionic conductivity, moderate thermal expansion coefficient with stability similar to other SOFC materials (usually the electrolyte), large triple phase boundary, low area specific resistance (ASR), catalyze the dissociation of oxygen and low electrode resistance [1, 2] . Most of these characteristics are possessed by the MIEC and its composite materials.
Reduction of the operation temperature in SOFC system has a vital importance in reducing the cost of the system, which is an inevitable path for the commercialization of this technology. A key obstacle to reduced temperature operation of SOFC is the poor catalytic activity of traditional cathode materials like Lanthanum Strontium Mangnites (LSM) for electrochemical reduction of oxygen in the temperature range of 300 -500 o C. However, mixed electronic and ionic conductors (MIEC), such as La 1-x Sr x Co 1-y Fe y O 3-δ (LSCF) and Ba 1-x Sr x Co 1-y Fe y O 3-δ (BSCF), attract much attention as cathodes due to their unique ability to improve SOFC performance which depends on the oxygen incorporation reaction.
MIEC perovskite oxide (ABO 3 ) is widely considered as an ideal cathode material for low and intermediate temperature solid oxide fuel cell. BSCF perovskite is a new material with high catalytic activity, which means that oxygen atoms can be oxidized as ions as efficient as possible i.e., good oxygen permeability, and it shows an excellent performance as cathode on ceria electrolyte in low temperature range from 400-600 o C [3] . According to E. Bucher BSCF is well known to transport a significant amount of oxygen anions via oxygen vacancies, the ionic conductivity value found is 0.018 S/cm at 700 o C [4] .
In the present work, the emphasis is put on Ni doped BSCF perovskite i.e., Ba 0. 5 To increase the homogeneity of the powder, it is subjected to calcination at 1000 o C for 4 hrs, followed by grinding in an agate mortar for hours. Pellets of BSCFNi, having a diameter of 13 mm and thickness of 2 -3 mm, are prepared by pressing the powder uniaxially at a pressure of 10 kg m -1 sec -2
. The pellets are then dried at 100 o C for 2 hours in a closed container.
The crystal structures and lattice parameters of the BSCFNi perovskite are determined by means of X-ray diffraction (X-PERT PRO with Cu-Kα radiation) analysis. Morphology of the calcined powder is observed with a scanning electron microscope. Differential Scanning Calorimeter (DSC) measurement, carried out in the temperature range of 300-600 With increase in the Ni concentration, the pattern peak shifts towards high angle direction which corresponds to the lattice shrinkage. The peaks are indexed on the basis of a cubic perovskite phase with the space group Pm3m (221) [5] . It has been reported that the synthesis of the sample through citric route forms undesired secondary phases of Barium and Strontium due to the poor distribution of the alkaline-earth metal (for example, Sr 2+ ) in the solution caused by the relatively weak chelation between Sr 2+ and carboxylate ligands [6] [7] [8] . However, these undesired secondary phases can be removed by calcining at 1000 o C. Thus the synthesised powders are calcined at 1000 o C to increase the homogeneity of the powder that could be observed from the X-ray diffraction pattern showed in figure-1. The lattice parameters of BSCFNi are calculated by least square programme using the whole pattern matching. The calculated lattice parameters, X-ray density and porosity (%) are shown in Table- The ionic conductivity (σ ion ) in the cathode takes place at low frequencies and it increases with increase in the temperature as expected. The ionic conductivity values of the BSCFNi measured for 0.05 ≤ x ≤ 0.2 is shown in table-2. It is observed from the table that the ionic conductivity (σ ion ) value increases for x= 0.05 to 0.15 except for x=0.2. The ionic conductivity (σ ion ) value is higher for Ni concentration x=0.15 compared to other Ni dopant concentration. The high ionic conductivity is due to the better catalytic behaviour of BSCFNi and the significant open porosity which enable oxygen reduction not only on the surface but also in the entire volume of the electrode. The oxygen reduction behaviour could be explained in terms of the lattice shrinkage. The lattice shrinkage in the samples of BSCFNi increases with increase in the nickel concentration as the smaller Ni 3+ (0.74 Ǻ) cation replaces the Co 3+ (0.75 Ǻ) cation at the B-site (Fe is in +4 state) of ABO 3 perovskite structure. The average oxidation state of the B-site is 3.333 which lead to the formation of oxygen vacancies in the lattice to maintain the electrical neutrality of the perovskite on account of the charge compensation. The formation of oxygen vacancies increases with increase in the Ni concentration in BSCFNi. It is known that the oxygen vacancies on the electrode surface or in the electrode provide the reaction site for the reduction of molecular oxygen and the pass way for the diffusion of reduced oxygen ions [10] [11] [12] . Therefore, the oxygen vacancies concentration of the cathode material should play an important role on the change of the ionic conductivity due to the oxygen adsorption or desorption and the oxygen ions diffusion in the electrode.
According to Kharton, the high ionic conductivity of BSCFNi perovskite with increase in the Ni content, substituted in place of Co, could be attributed to the weaker Ni-O bond strength compared to Co-O bond [13] . The decrease in the σ ion for Ni-0.20 may be due to the Ni dopant concentration exceeding a certain value called percolation limit, at which electronic conduction becomes predominant [14] .
In this work, BSCFNi with Ni concentration of x=0.15 has the highest ionic conductivity value of 0.5257 S/cm at 500 o C compared to the reported σ ion values of BSCF which were obtained to be 0.006 S/cm at 600 o C and 0.018 S/cm at 700 o C [15] . Other reported ionic conductivity results are La 0.6 Sr 0.4 CoO 3 [16, 17] 
